Abstract Investigate the factors associated with the glycemic control in people with diabetes mellitus (DM
Introduction
The increase in the life expectancy of the population contributed to a transition in the morbimortality profile, in which chronic noncommunicable diseases (CNCD) have become the leading cause of death in the world. Among the CNCD, diabetes mellitus (DM) is considered to be a serious public health problem due to its high prevalence, which has already reached epidemic proportions, being one of the main risk factors for cardiovascular diseases and cerebrovascular accident 1, 2 .
The DM consists of a group of metabolic disorders characterized by defects in the synthesis and/or action of the insulin, which generates a state of constant hyperglycemia. The DM type 2 (DM2) is the form present in 90% to 95% of cases 1 . In 2014, 387 million people aged between 20 and 79 had DM worldwide, with a prevalence of 8.3%, of which 77% lived in underdeveloped countries 2 . In Brazil, 11.6 million people live with DM, a prevalence of 8.6% in the adult population, with a prognosis of being 16.3 million individuals in 2030 2 .
A study conducted with data from the National Survey of Health (PNS), a household survey conducted in Brazil in 2013 by the Brazilian Institute of Geography and Statistics (IBGE), found that the prevalence of diabetes increased with the advancement of age, reaching approximately 20% of the population of the age groups 65-74 years and 75 years and over, a contingent of more than 3.5 million people 3 . The development of DM2 is associated with hereditary, behavioral and socioeconomic factors. The control of this disease involves individual actions for self-care, associated with a constant support from a patient care team health team which provides guidance on the follow-up of an alimentary plan, on the monitoring of capillary glycemia, on the practice of physical activities and on the correct usage of medication 4 . One of the strategies to evaluate the effectiveness of the DM treatment is the periodic laboratorial measurement of the glycated hemoglobin (HbA1c), which represents the percentage of hemoglobin that is bound to glucose and is considered to be the basic reference for the glycemic control. This is an important tool for health professionals in the monitoring of diabetics and in the analysis of the effectiveness of the therapeutic plan 1, 5 . Although the literature demonstrates the importance of the HbA1c test as an indicator of the glycemic control of DM2 1, 4 , we did not identify any national study covering the evaluation of this test in people over 40 years old, age at which most people with DM2 are diagnosed 1, 6 , and the factors associated with its alterations. In addition, this research aimed to identify the situation of people with DM2 monitored by the Primary Health Care, based on this indicator of the therapeutic plan outcome.
This study aimed to investigate the factors associated with the glycemic control in people with diabetes mellitus.
Method
This study meets one of the objectives of a funded research project that evaluated factors associated with the risk of ulceration in feet of people with DM, conducted in a large municipality in southern Brazil. This is a cross-sectional study carried out with individuals with DM2 registered in all 38 Basic Health Units (BHU) in the urban area of this municipality in 2012. For the calculation of the sample, we requested the total population of the municipality with DM2 from the Municipal Secretary of Health. However, according to the secretary, the data referring to the registry of people with DM were outdated, making it impossible to identify the total population of diabetics. Thus, the calculation of the total population with DM2 was performed based on the estimate of the Ministry of Health, which determines a prevalence of DM2 of 11% for the population over 40 years old 6 , that is, 20,634 individuals. In this sense, the sample of this project was stratified by region of the municipality and calculated in the program Epi Info, considering a sample error of 5% and confidence level of 95%, totaling 1,679 individuals. However, approximately 10% of losses were obtained and the final sample consisted of 1,515 individuals.
Despite this, in view of the objective of this study, 769 people out of the 1,515 participants of the "umbrella project" were excluded from the analysis, since they presented results for the laboratory tests that were either incomplete or old (over 12 months). Therefore, the final sample was established in 746 people.
Each BHU in the municipality provided a list with the identification of diabetics registered in the Registration and Monitoring System for Hypertensive and Diabetics Patients. From this list, the participants of the study were drawn to compose the sample. These individuals should meet the following criteria for inclusion in the study: preserved cognitive ability; absence of active ulcers in the lower limbs; and not undergoing dialysis treatment. During data collection, when one of these criteria were not identified, the participant was replaced by another in a new draw. The data were collected in the BHU in 2012 by students of the master's and undergraduate nursing courses previously trained by the coordinator of the research project.
An instrument was used that covers the steps of interview, analysis of health records and clinical evaluation of the feet of the patients 5 . The alteration of the glycated hemoglobin (HbA1c) test was considered as the dependent variable in this study, which was classified as high when the result were higher than 7%. It is recommended that the HbA1c test be performed at least twice a year for patients with reasonable control, and every 3 months for the most unstable ones 1 . However, in this study, the results of tests performed within 12 months were considered, since these results were collected from the patients' medical records and only 20% of the sample presented the data of this exam performed within 6 months.
The independent variables correspond to socioeconomic and lifestyle data, clinical conditions and the risk for the development of foot ulcers. Socioeconomic variables included gender, age, marital status, level of education, skin color and socioeconomic classification. The socioeconomic classification was determined according to the Brazilian Market Research Association (ABEP) 7 . Lifestyle variables were also self-reported and refer to the practice of regular physical activity, following of a diet plan, smoking and excessive alcohol consumption. The practice of physical activity was considered to be regular when the individual reported performing at least 30 minutes of physical exercises, three times per week or over. Alcohol intake was considered to be in excess when greater than one dose/day, for women, or two doses / day, for men 1 . Data regarding the clinical conditions were: time of diagnosis, insulin usage, obesity, arterial hypertension (AHT) and dyslipidemia. Also, in this item, we verified histories of the following cardiovascular events or chronic complications: stroke, myocardial infarction, retinopathy and diabetic nephropathy. These data were collected from the medical records and completed during the interview. Obesity was identified by calculating the body mass index (BMI), and diagnosed when BMI ≥ 30 kg/m Statistical analyzes were performed with the aid of the software Statistical Package for the Social Sciences (SPSS) 21.0. The measure of association used for both the bivariate analysis and the Poisson regression was the prevalence ratio (PR). For both analyzes, we adopted the significance level of 5% in the Wald chi-square test and we presented the p-value and the 95% confidence interval (95% CI). Variables with p-value < 0.20 in the bivariate analysis were selected to compose the model adjusted by Poisson regression.
The research was approved by the Research Ethics Committee of the State University of Londrina.
Results
The differences between the socioeconomic characteristics of participants included and excluded from the study are presented in Table 1 .
After analysis of losses for all variables, a statistically significant difference between the individuals included and excluded from the study was observed only for the variable gender: 48.7% of the women and 54.2% of the men were not included in the sample for not presenting the results of the laboratory tests for the past year.
Among the 746 participants included in the study, 521 (69.8%) presented result for the glycated hemoglobin test as high. Regarding the socioeconomic data, this alteration was more prevalent in women, people with partners, nonwhite, with over eight years of schooling and from the economic class A/B. A statistically significant association was identified only for the variable age, with individuals between 50 and 69 years old presenting a higher prevalence (76.9%) of above-normal glycated hemoglobin values when compared to those between 40 and 49 years old (p-value = 0.019) ( Table 2) . No significant differences were found between categories of the variables related to smoking, diet, regular physical activity and excessive alcohol consumption.
However, in the analysis of the clinical conditions, higher prevalence of elevation in the glycated hemoglobin result were associated with time of diagnosis of DM greater than 10 years (p = 0.003), insulin usage (p < 0.001), and dyslipidemia (p = 0.036). Also, it was found that individuals with obesity presented a higher prevalence of alteration in the HbAc1 when compared to those with normal weight (p < 0,001). In turn, the participants who had any chronic complication due to DM had prevalence of uncontrolled HbAc1similar to those not identified with any of these complications. Also, a high prevalence (80.6%) of elevation in the glycated hemoglobin was observed in people who had foot ulceration risk (p = 0.004) ( Table 3) .
In the adjusted analysis, the variables age, between 50 and 69 years; obesity; insulin usage; and risk of foot ulceration remained statistically associated with the glycemic alteration ( Table 4) .
Discussion
The results of this study are of clinical relevance for making it possible to analyze the cardiometabolic profile of patients with DM2 who have a registry in BHUs of the city under study. It was verified in this research that the treatment of most diabetics registered in the BHUs may not have been being effective in controlling the disease and in preventing chronic complications. This difficulty in the health care of this population was already mentioned at the beginning of the study, since it was not possible to evaluate the health conditions of 50.7% of the individuals for not having up to date laboratory exams, who were then excluded from the research. This fact compromised the results of the research because it interfered in the stratification of the sample, since it was not possible to guarantee the representativeness of the characteristics of the total population, as it was necessary to exclude all the individuals that did not present the result of the glycated hemoglobin test. Considering the socioeconomic profile of the studied population, it is assumed that the BHU are the main health care service sought by these individuals. It was identified the high prevalence of glycemic alterations, since seven in ten people presented altered test results. In addition, after adjustments by possible confounding variables, this alteration was associated with age, obesity, insulin therapy and risk of foot ulceration, which indicates subgroups of this population that were more vulnerable to present hyperglycemia.
Performing the HbA1c test regularly allows the assessment of glycemic control and verification of the efficacy of medication treatment and of education for self-care. It is estimated that 33% to 49% of people with DM2 cannot achieve adequate goals for glucose, blood pressure, or lipid profile control and only 14% reach normal parameters in these measurements 1, 8 . The increase in the incidence of DM2 is closely related to the age groups. In this study, the age group 50-69 years was associated with a higher prevalence of elevated glycated hemoglobin. In most people, the symptoms of DM2 emerge after 40 years of age, but they might have already presented the state of decreased glucose tolerance up to ten years before 1, 5, 9 .
In addition, studies show that most individuals seek health care only when the first symptoms of complications due to CNCD arise. Thus, it is often no longer possible to adopt strategies for behavioral lifestyle changes, so it is necessary to initiate medication treatment due to the cardiovascular alterations and to the advancement of age 10, 11 . It is also assumed that people at that age are too engaged in their work occupations and have little time to devote to actions related to health promotion and prevention of problems, like physical activities and periodic consultations with professionals in the area. However, sickness within this age group has serious social repercussions since these individuals might face different problems that affect participation in the labor market, such as time requirements for medical consultations, hospitalizations, licenses, physical limitations, early retirement and mortality 10, 12 . These are some of the hypotheses that may explain the higher relative frequency of men who did not undergo DM control tests within a past year, according to the losses analysis of this study. Health care for men has been a challenge for public policies. Because of sociocultural factors, most of them neglect signs of chronic diseases, seek professional care only in cases of worsening symptoms and have greater difficulty in adapting to changes in lifestyle and to self-care 10, 11 . Obesity was also associated with altered glycemic levels, independently of other variables. Overweight is one of the determining factors for the maintenance of hyperglycemia due to several mechanisms, such as the increase of circulating free fatty acids, the reduction of adiponectin and the secretion of cytokines by adipose tissue, which ultimately exacerbate the resistance to insulin 1, 9 . Although the regular practice of physical activity was not statistically associated to the glycemic alteration in this sample, it is essential in order to improve conditions of weight and of alterations in the lipid profile. Dyslipidemia has toxic effects on pancreatic β cells (lipotoxicity) and, in the presence of hyperglycemia, potentially increases the risk of cardiovascular diseases, the leading cause of death in the population with diabetes 1 . In a research developed with obese adults, with and without DM2, who underwent a 20 to 30 minute aerobic training program four to five times a week, it was identified at the end of the tenth week that both groups had increased the mitochondrial respiration, the maximal oxygen consumption and the sensitivity to insulin, with no significant differences between the groups 13 . Thus, normalization of BMI is one of the most important goals for DM2 control. A weight loss of two to eight kilograms can provide a reduction in glycemic levels from 0.5% to 2%, which would result in benefits to the quality of life of people with diabetes, especially at the onset of the disease 8, 14 . Another important result was the association between insulin usage and the higher prevalence of elevated HbA1c. Insulin therapy may be initiated in early stages of the DM treatment when only lifestyle modifications associated with oral hypoglycemic agents are insufficient to achieve adequate glycemic control. Adjustments in the insulin dose may be done until this goal is achieved, with no recommendation for dosage limit 1, 15 . Therefore, the identified result demonstrates that insulin therapy has not been effective in the glycemic control of the majority of people with DM in this study.
The prevalence of chronic complications was also found in more than half of the sample and the risk of foot ulceration remained associated with the elevated HbA1c. The development of macroangiopathies is common, which affect the coronary, lower limb and cerebral arteries.
Other complications are also known in DM and encompass the microangiopathies, specifically affecting the retina, renal glomerulus and peripheral nerves 11, 15 . The persistence of the hyperglycemic state is the primary triggering factor of microvascular complications 8, 11, 15 . In this sense, the difficulty in controlling glycemia must be a criterion for the systematic and periodic evaluation of feet of people with DM, in order to avoid the appearance of lesions that predispose amputations. Maintaining the value of glycated hemoglobin lower than 7% is associated with a reduction in the risk of vascular complications 1, 16 . Glycemic control and prevention of chronic complications in people with DM depend on several factors, including the knowledge and attitude of the individual diagnosed with this disease in changing behavior and lifestyle. The American Diabetes Association recommends that individuals with DM receive education and support for self-management of the disease, since it has been identified as the most effective measure for the control and improvement of quality of life 1 . Studies have found that diabetes education programs, which included nutritional therapy and individualized care plans, were associated with a decrease in HbA1c in people with DM 14, 17, 18 .
In most of the basic health care services, nurses have assumed the responsibility of managing the cases of users with DM and other CNCDs. The nursing consultation has been an effective strategy in the follow-up of the diabetic and in the teaching for the self-care necessary to prevent chronic complications 19 . In this context, HbAc1 is an important indicator for the evaluation of the effectiveness of the therapeutic plan and can also be used in the prioritization of cases requiring intervention and support. There is also a need to implement an active search for diabetics to perform the glycated hemoglobin test at least every six months, or in a shorter period for those taking insulin therapies.
People with DM have to learn to cope with the various behavioral changes required for the disease control, and these changes take time to be accepted and incorporated by individuals and their families. It is common for individuals who initiate pharmacological treatment to have side effects such as diarrhea, nausea, dizziness, and crisis of hypoglycemia, as well as discomfort due to the glycemic self-monitoring and insulin administration, which in some cases require daily skin perforation 1 . This routine induces a large proportion of diabetics not to follow the treatment properly and even to abandon it. Therefore, without the support of the basic care services providing self-care education and subsidies for the DM control, the clinical condition of these individuals worsens rapidly, and the comorbidities and chronic complications that negatively impact their quality of life arise.
The limitations of the study refer to the need to exclude individuals from the studied sample due to the non-existence of either the laboratory tests within the past year period or either annotations in the medical records. This fact made it impossible to evaluate the therapy, based on the analysis of glycated hemoglobin, of more than half of the sample, which is one of the main objectives of the original project. This mainly compromises the analysis of association with socioeconomic factors and with the clinical situation of diabetics.
In addition, we chose to evaluate the HbA1c test performed within the period of one year, since the number of individuals who had the results of the test within the timeframe stipulated by the protocol was very low, which would make it impossible to perform the analyzes. Also, lifestyle data were self-reported and therefore may be underestimated or overestimated. Finally, it was impossible to establish the cause and effect relationship between the dependent and the independent variables, due to the cross-sectional design of the research.
Conclusion
It was possible to verify that individuals in the age range between 50 and 69 years; those who used insulin; the obese ones; and those who had risk of foot ulceration had a higher proportion of high results for the glycated hemoglobin test, independently of other risk factors. This indicates subgroups of people with DM who must receive more attention from basic care services.
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